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(54) Non-contact type IC card and non-contact type IC card system 



(57) A non-contact type IC card system comprising 
a non-contact type IC card using an electromagnetic 
wave as a communication medium and not containing a 
battery therein, and a reading and writing (R/W) unit. To 
eliminate a problem that the level of a received signal 
varies depending upon the communication distance 
between the card and the R/W unit, a comparator 7 



FIG. 1 



detects the received signal level of an antenna reso- 
nance circuit 4 for data transmission and reception, 
before a variable resistance device 8 alters the quality 
factor Q of the antenna resonance circuit 4, which results 
in adjusting the level of the received signal being inputted 
to a desirable value. 
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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to a non-contact type 
IC card using an electromagnetic wave as a communi- 
cation medium, and a non-contact type IC card system 
employing this non-contact type IC card. 

DESCRIPTION OF THE RELATED ART 

Fig, 43 shows a general arrangement of a known 
non-contact type IC card system including a non-contact 
type IC card where an electromagnetic wave is employed 
as a communication medium. In the illustration, the IC 
card system comprises a non-contact type IC card 
(which will hereinafter be referred to as a card) 1, a 
reader/writer (abbreviated as R/W) unit 2, and a host 
computer 3 being in connection with the R/W unit 2. That 
is, the non-contact type IC card employed system usually 
comprises the card 1 , the R/W unit 2 operative to read 
and write data from and in the card, and the host com- 
puter 3 responsible for control of the whole system. Both 
the R/W unit 2 and host computer 3 can be constructed 
as one unit (R/W unit). The transmission and reception 
of the data between the card 1 and the R/W 2 are made 
using an electromagnetic wave as a medium. 

However, such a prior non-contact type IC card sys- 
tem thus arranged does not produce satisfactory results 
for meeting requirements: (1) a batteryless card not 
requiring a built-in battery is necessary with a view to 
reducing its manufacturing cost, being released from the 
battery life, and coping with serious environmental prob- 
lems; (2) depending upon the application fields, the 
received signal level will vary in accordance with the 
communication distance, i.e., the distance between the 
card and the R/W unit, whereupon the reception level is 
required to be adjustable at the card side; (3) in addition 
to effective power transmission and reception, the reduc- 
tion of power consumption (demand) to the utmost is 
necessary for realizing long-distance communications 
with a batteryless card; (4) for communications from the 
R/W unit to the card, data transmission will be made 
simultaneously with power supply, while phase modula- 
tion or frequency modulation is needed because contin- 
uous power supply is impossible in amplitude 
modulation, and at this time demodulation with less cur- 
rent consumption needs to be carried out at reception in 
the card side; and (5) upon the reception of the transmit- 
ted data in the R/W unit side, the power transmission to 
the card side can once be stopped, for which reason the 
card needs to effectively operate only on the energy 
accumulated at power supply for the transmission of a 
necessary amount of data and, hence, to effectively exe- 
cute the modulation. 



SUMMARY OF THE INVENTION 

The present invention has been developed in order 
to meet the above requirements, and it is particularly an 
5 object of this invention to provide a non-contact type IC 
card and a non-contact type IC card system, both being 
capable of switching the sensitivity of an antenna in 
accordance with the levels of received signals. 

For this purpose, in accordance with one aspect of 
w this invention, a non-contact type IC card, using an elec- 
tromagnetic wave as a communication medium and not 
containing a battery therein, is provided, as comprising 
reception level detecting means connected with an 
antenna resonance circuit for data transmission and 
15 reception for detection of a received signal level and 
quality factor regulating means also connected with the 
antenna resonance circuit for altering or changing a qual- 
ity factor Q of the antenna resonance circuit as a function 
of the level detected with the reception level detecting 
20 means. This arrangement consequently changes the 
quality factor Q of the antenna resonance circuit on the 
basis of the received signal level in the antenna reso- 
nance circuit. Thus, this arrangement can provide a non- 
contact type IC card in which the voltage induced goes 
25 stable over the wide range of change in the distance from 
a reading and writing unit. 

Another aspect of this invention is that a non-contact 
type IC card, using an electromagnetic wave as a com- 
munication medium and not containing a battery therein, 
30 comprises phase detecting means for detecting a phase 
of a free oscillation of an antenna resonance circuit for 
data transmission and reception, and energy supply 
means for supplying, at transmission, an energy from an 
energy storage circuit to the antenna resonance circuit 
35 in phase with the free oscillation of the antenna reso- 
nance circuit. That is, energy is supplemented from the 
energy storage circuit to the antenna resonance circuit 
at transmission in phase with the detected free oscillation 
of the antenna resonance circuit. This arrangement can 
40 effectively maintain the free oscillation to ensure a long- 
time transmission. 

A further aspect of this invention is that a non-con- 
tact type IC card, using an electromagnetic wave as a 
communication medium and not containing a battery 
45 therein, comprises phase detecting means for detecting 
a phase of a free oscillation of an antenna resonance 
circuit for data transmission and reception, and reso- 
nance frequency switching means for connecting and 
disconnecting a capacitor to and from the antenna res- 
50 onance circuit in accordance with one of output data and 
variation of the output data and an output of the phase 
detecting means to alter a resonance frequency of the 
antenna resonance circuit, wherein data transmission is 
made on the basis of one of frequency modulation and 
55 phase modulation. Thus, either connection or discon- 
nection of the capacitor to and from the antenna reso- 
nance circuit is made as a function of either the output 
data or the variation of the output data so that the circuit 
constant of the antenna resonance circuit, i.e., the reso- 
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nance frequency, varies, and the data transmission is 
effected on either the frequency modulation or phase 
modulation. This arrangement can effectively carry out 
the modulation with less energy loss at transmission. 

A feature of this invention is that a non-contact type s 
IC card, using an electromagnetic wave as a communi- 
cation medium and not containing a battery therein, 
includes an antenna resonance circuit for data transmis- 
sion and reception made up of a series resonance circuit. 
Because the the antenna resonance circuit is con- 10 
structed with the series resonance circuit having a low 
resonance impedance, effective power reception 
becomes possible. 

Another feature of this invention is that a non -contact 
type IC card, using an electromagnetic wave as a com- is 
munication medium and not containing a battery therein, 
is composed of phase variation detecting means for 
detecting a phase variation of a voltage of an antenna 
resonance circuit for data transmission and reception 
due to a received signal on the basis of an amplitude 20 
variation thereof, and demodulating means for demodu- 
lating data in accordance with the phase variation 
detected with the phase variation detecting means. In 
accordance with this feature of this invention, a phase 
modulation is employed for the data modulation, while 25 
the phase variation of the antenna resonance circuit 
attributed to the received signal is detected on the basis 
of its amplitude variation so that the data demodulation 
is accomplished in accordance with the phase variation 
detected. Accordingly, the transmission from the reading 30 
and writing unit to the card can be made by the phase 
modulation which allows both the power supply and the 
data transmission to be comparable, besides the opera- 
tional energy is savable, for that in the card side the 
demodulation of the phase variation is effected in 35 
accordance with the amplitude variation. 

A further feature of this invention is that a non-con- 
tact type IC card, using an electromagnetic wave as a 
communication medium and not containing a battery 
therein, includes switching means for short-circuiting 40 
both terminals of an antenna resonance circuit, made up 
of a series resonance circuit for data transmission and 
reception, in accordance with output data, whereby the 
transmission is made on the basis of a variation of a load 
of the antenna resonance circuit ascribed to the switch- 45 
ing means. That is, the short-circuit between both the ter- 
minals of the antenna resonance circuit is produced in 
accordance with the output data, and the transmission 
is established on the basis of the resultant load variation 
of the antenna resonance circuit. This arrangement can so 
provide a non-contact type IC card capable of effectively 
performing the modulation with loss energy loss at trans- 
mission. 

In addition, in accordance with an aspect of this 
invention, there is provided a non-contact type IC card 55 
system comprising a non-contact type IC card using an 
electromagnetic wave as a communication medium and 
not containing a battery therein, and a reading and writ- 
ing unit, the non -contact type IC card including switching 
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means for short-circuiting both terminals of an antenna 
resonance circuit, made up of a series resonance circuit 
for data transmission and reception, in accordance with 
output data so that the transmission is made on the basis 
of a variation of a load of the antenna resonance circuit 
ascribed to the switching means, whereas the reading 
and writing unit including demodulating means for carry- 
ing out demodulation by detecting a variation of a card 
side load on the basis of a variation developed in a power 
transmission adjustment resistor connected with the 
antenna resonance circuit. In the card side both the ter- 
minals of the antenna resonance circuit is short-circuited 
in accordance with the output data so that the transmis- 
sion is accomplished on the basis of the variation of the 
load of the antenna resonance circuit, while in the read- 
ing and writing unit side the demodulation is made with 
the variation of the card side load being detected on the 
basis of the variation taking place in the power transmis- 
sion adjustment resistor coming into connection with the 
antenna resonance circuit. This arrangement can pro- 
vide a non-contact type IC card system which can effec- 
tively carry out the modulation with less energy loss. 

Furthermore, in a non-contact type IC card system 
comprising a non-contact type IC card using an electro- 
magnetic wave as a communication medium and not 
containing a battery therein, and a reading and writing 
unit, the reading and writing unit includes compulsory 
phase inverting means connected between both termi- 
nals of an antenna resonance circuit for transmission 
and reception for short-circuiting therebetween in a 
range of ± 90° relative to a variation of data to compul- 
sorily invert a phase of a signal being transmitted. In this 
arrangement, the compulsory inverting means short-cir- 
cuits both the terminals of the antenna resonance circuit 
in the range of ± 90° relative to the variation of data to 
compulsorily invert the transmitted signal phase, with the 
result that, in the reading and writing unit side, high- 
speed data modulation is possible even if Q of the 
antenna resonance circuit is high. In addition, the data 
transmission speed from the reading and writing unit to 
the card improves. 

Preferably, additionally included is compulsory 
phase inversion speed adjusting means effective to sup- 
press a rapid variation of a voltage in the antenna reso- 
nance circuit at the compulsory phase inversion. This 
additional provision of the compulsory phase inversion 
speed adjusting means controls the rapid variation of the 
voltage of the antenna resonance circuit at the compul- 
sory phase inversion so that the normal transmission is 
possible even if the card is close to the reading and writ- 
ing unit so as to lower Q of the antenna resonance circuit. 
This arrangement can offer a non-contact type I C card 
system with a high reliability which is capable of normally 
establishing the communications even if the card 
approaches the reading and writing unit to lower the Q 
of the card side antenna resonance circuit. 

Moreover, in accordance with an aspect of this 
invention, a non-contact type IC card, using an electro- 
magnetic wave as a communication medium and not 
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containing a battery therein, is equipped with phase 
adjusting means for causing a voltage induced due to a 
received signal in an antenna resonance circuit to be in 
phase with an oscillation of the resonance circuit. The 
phase adjusting means compulsorily causes the phase 
of the voltage induced due to the received signal in the 
antenna resonance circuit to be coincident with that of 
the oscillation of the resonance circuit so that, in the card 
side, quick data demodulation is practicable irrespective 
of a high Q of the antenna resonance circuit, which con- 
sequently improves the data transmission speed from 
the reading and writing unit to the card side. 

Preferably, further included in the non-contact type 
IC card is phase variation detection inhibiting means 
which is operative to inhibit a detection of a phase vari- 
ation for a given period of time after the detection of the 
phase detection in order to prevent unnecessary data 
from being again demodulated regardless of a small 
amplitude because of the phase variation prior to the 
phase adjustment upon the detection of the phase vari- 
ation. This phase variation detection inhibiting means 
can ensure the normal communication even if the card 
and the reading and writing unit are close to each other 
even if Q of the antenna resonance circuit is low. That is, 
this arrangement can present a non-contact type IC card 
system with a high reliability which is capable of normally 
establishing the communications even if the card 
approaches the reading and writing unit to lower the Q 
of the card side antenna resonance circuit. 

A further feature of this invention is that a non-con- 
tact type IC card, using an electromagnetic wave as a 
communication medium and not containing a battery 
therein, is provided with a rectifying circuit for rectifying 
a signal from an antenna resonance circuit for data trans- 
mission and reception, and switching means operative 
in accordance with a switching signal so that one of both 
terminals of the antenna resonance circuit, developing a 
lower voltage, is grounded and a higher voltage at the 
other terminal thereof is selected as a signal. This 
arrangement permits the amplitude of the antenna res- 
onance circuit to turn large, and additionally, makes it 
easy to process the signal, for that all the derived signals 
are positive. 

Preferably, the foregoing switching means is 
equipped with a signal generating circuit which gener- 
ates a switching signal whose output is inverted when 
the higher-voltage signal of the antenna resonance cir- 
cuit turns into a negative level. That is, inverting the out- 
put the higher-voltage signal turns into a negative level 
autonomically allows the lower voltage to be grounded 
and permits the higher voltage to be taken out as a sig- 
nal. 

Further included in the aforementioned non-contact 
type IC card are a PLL operative to receive, or input, a 
signal representative of a received signal turning into a 
negative state and to produce an output tuned to the 
inputted signal, and detecting means operative to sam- 
ple, for demodulation, the switching signal on the basis 
of the output of the PLL in response to reception of a 



phase modulation signal every half a period. That is, the 
PLL operate to take in the signal indicative of the nega- 
tive received signal and to generate the output tuned 
thereto, while the demodulation is accomplished with the 
5 switching signal at the time of the reception of the phase 
modulation signal being sampled every half a period on 
the basis of the output of the PLL, with the result that the 
detection becomes resistive to the variation of the 
received voltage of the card. 
io In the above non-contact type IC card, the inversion 
of the aforementioned switching signal is implemented 
every given number of zero cross points of a waveform 
of the antenna resonance circuit so as to produce a 
transmission frequency different from the power fre- 
15 quency so that the transmission is practicable in a state 
with the reception of the power. In addition, the inversion 
of the aforesaid switching signal is executed every other 
zero cross point of a waveform in the antenna resonance 
circuit, and at the time of the modulation the inversion of 
20 the aforesaid switching signal is performed every four 
zero cross points of the waveform in the antenna reso- 
nance circuit. Accordingly, the carrier whose frequency 
is 1/2 of the power frequency can be generated simulta- 
neously with power reception and then phase-modu- 
25 lated. Moreover, the inversion of the aforesaid switching 
signal is per formed every zero cross point through every 
four zero cross points of a waveform in the antenna res- 
onance circuit at the time of the modulation, which per- 
mits the phase modulation on the basis of four kinds of 
30 phases. With this arrangement, the data transmission 
becomes possible at a higher speed because of an 
increase in transmission information amount per data. 

A still further feature of this invention is that the afore- 
mentioned non-contact type ICcard includes a PLL oper- 
35 ative to receive a signal representative of a received 
signal turning into a negative state and to produce an 
output tuned to the inputted signal, wherein, for the 
phase modulation, half the period is obtained from the 
output of the PLL and both terminals of the aforesaid 
40 antenna resonance circuit are short-circuited for half the 
period from a zero cross point at modulation. This 
arrangement can realize a high-speed demodulation 
without requiring a capacitor. Similarly, for the phase 
demodulation, half the period is obtained from the output 
45 of the PLL and both terminals of the aforesaid antenna 
resonance circuit are short-circuited for half the period 
from a zero cross point at modulation. This arrangement 
can also realize a high-speed demodulation without 
requiring a capacitor. 
so Moreover, in accordance with an aspect of this 
invention, the capacitor noted above is connected with 
the antenna resonance circuit during one period and dis- 
connected therewith during two periods, and the trans- 
mission frequency, being 1/2 of (half) the power 
55 frequency, is produced to carry our the transmission in a 
state with the reception of the power. In contrast to this, 
at the time of the modulation, the phase modulation is 
performed in such a way that the capacitor is discon- 
nected therewith during one period. This arrangement 
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permits the generation of the transmission carrier in a 
state with the reception of the power and the transmis- 
sion based on the phase modulation. 

BRIEF DESCRIPTION OF THE DRAWINGS 5 

The object and features of the present invention will 
become more readily apparent from the following 
detailed description of the preferred embodiments taken 
in conjunction with the accompanying drawings in which : w 

Fig. 1 is a circuit diagram showing an arrangement 
of a non-contact type IC card system according to 
first to third embodiments of the present invention; 
Fig. 2 is a waveform chart useful for describing oper- is 
ations of the Fig. 1 circuit arrangement; 
Fig. 3 is a circuit diagram showing another arrange- 
ment of a non-contact type IC card; 
Fig. 4 is a circuit diagram showing another arrange- 
ment of a non-contact type IC card system according 20 
to fourth to sixth embodiments of the present inven- 
tion; 

Fig, 5 is a waveform chart useful for describing oper- 
ations of the Fig. 4 circuit arrangement; 
Fig. 6 is a circuit diagram showing another arrange- 25 
ment of a non-contact type IC card; 
Fig. 7 is an explanatory illustration available for the 
delay of data transmission in a seventh embodiment 
of this invention; 

Fig. 8 is an illustration of a circuit arrangement of a 30 
reading and writing unit of a non-contact type IC card 
system according to this invention; 
Fig. 9 is a waveform chart useful for describing oper- 
ations of the Fig. 8 reading and writing unit; 
Fig. 10 is a waveform chart useful for describing a 35 
phase modulation in the Fig. 8 reading and writing 
unit; 

Figs. 1 1 A and 1 1 B are waveform charts useful for 
describing a receiving state in a card on phase mod- 
ulation according to the seventh embodiment in a 40 
case where the Q of a resonance circuit is low; 
Figs. 12A and 1 2B are waveform charts available for 
explanation of a transmission state in a reading and 
writing unit according to an eighth embodiment of 
this invention; 45 
Fig. 1 3 is a waveform chart available for explanation 
of a reception state in an ninth embodiment of this 
invention in a state where the Q of a resonance cir- 
cuit is high; 

Fig. 1 4 is a waveform chart useful for explanation of so 
demodulation in a card according to the ninth 
embodiment; 

Fig. 15 is a waveform chart useful for describing a 
demodulation in the ninth embodiment when the Q 
of a resonance circuit is low; 55 
Fig. 16 is an illustration of a circuit arrangement of a 
non-contact type IC card according to this invention; 



Fig. 17 is an illustration of one example of a circuit 
arrangement of a non-contact type IC card accord- 
ing to an eleventh embodiment of this invention; 
Figs. 18A and 18B show waveforms in the Fig. 17 
card circuit arrangement; 

Fig, 19 shows an arrangement of a switching signal 
generating circuit according to a twelfth embodiment 
of this invention; 

Fig. 20 shows waveforms in the Fig. 19 circuit 
arrangement; 

Fig. 21 is an illustration of one example of a circuit 
arrangement of a detection section of a non-contact 
type IC card according to a thirteenth embodiment 
of this invention; 

Fig. 22 shows waveforms in the Fig. 21 detection 
section circuit arrangement; 
Fig. 23 is a waveform chart available for explanation 
of operations of a non-contact type IC card accord- 
ing to a fourteenth embodiment of this invention; 
Fig. 24 is a waveform chart useful for describing a 
composite wave due to a combination of a reference 
frequency and a frequency being 1/2 of the refer- 
ence frequency; 

Fig. 25 is a waveform chart useful for explaining 
operations of a non-contact type IC card according 
to a fifteenth embodiment of this invention; 
Figs. 26A and 26B are waveform charts showing 
actual signals in the fifteenth embodiment; 
Figs. 27A and 27B are waveform charts useful for 
explaining operations of a non-contact type IC card 
according to a sixteenth embodiment of this inven- 
tion; 

Fig. 28 illustrates one example of a card circuit 
arrangement where data transmission is performed 
in a binary phase shift keying mode using a carrier 
whose frequency is 1/2 of the power frequency; 
Fig. 29 illustrates another card circuit arrangement 
where data transmission is performed in a binary 
phase shift keying mode using a carrier whose fre- 
quency is 1/2 of the power frequency; 
Fig. 30 shows one example of a card circuit arrange- 
ment by which data transmission is carried out in a 
quad phase shift keying mode using a carrier whose 
frequency is 1/2 of the power frequency; 
Fig. 31 is an illustration of one example of a card 
circuit arrangement for data transmission in a binary 
phase shift keying mode using the carrier whose fre- 
quency is 1/4 of the power frequency; 
Fig. 32 is an illustration of one example of a card 
circuit arrangement for data transmission in a quad 
phase shift keying mode using a carrier whose fre- 
quency is 1/4 of the power frequency; 
Figs. 33 A and 33B are waveform charts available for 
explanation of the operations of Figs. 28 to 32 cir- 
cuits; 

Fig. 34 is an illustration of one example of a circuit 
arrangement of a non-contact type IC card accord- 
ing to a seventeenth embodiment of this invention; 
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Fig. 35 is an illustration of waveforms in the Fig. 34 
circuit; 

Figs. 36A and 36B are illustrations of one example 
of a circuit arrangement of a non-contact type IC 
card according to an eighteenth embodiment of this s 
invention; 

Fig. 37 is an illustration of waveforms in the Fig. 36 
circuit; 

Fig. 38 is an illustration of one example of a circuit 
arrangement of a non-contact type IC card accord- w 
ing to a nineteenth embodiment of this invention; 
Fig. 39 is an illustration of waveforms in the Fig. 38 
circuit; 

Figs. 40A to 40C are illustrations of waveforms in a 
card side and a reading and writing unit side in the is 
nineteenth embodiments, which are obtained 
through computer simulation analysis; 
Fig. 41 is a waveform chart useful for describing 
operations of a non-contact type IC card according 
to a twentieth embodiment of this invention; 20 
Figs. 42A to 42C are illustrations of waveforms in a 
card side and a reading and writing unit side in the 
twentieth embodiments, which are obtained through 
computer simulation analysis; and 
Fig. 43 is an illustration of a known arrangement of 25 
a non-contact type IC card system. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 



30 

Referring now to Fig. 1, a description will be made 
hereinbelow of a non-contact type IC card system 
according to a first embodiment of the present invention. 
In the illustration, the non-contact type IC card system, 
generally designated at reference numeral 1 00, basically 35 
comprises a batteryless non-contact type IC card (which 
will be referred hereinafter to as a card) 1 0 and a reading 
and writing unit (hereinafter to as a R/W unit) 20. The 
card 10 includes an antenna resonance circuit 4 being a 
parallel resonance circuit made up of an antenna coil 4a 40 
and a capacitor 4b, and further includes a rectifier circuit 
5 made up of rectifying devices 5a, 5b, and an energy 
storage circuit 6 composed of energy storage capacitors 
6a, 6b. Incidentally, Fig. 1 shows an arrangement of a 
full-wave voltage doubler rectifier. Further included in the 45 
card 1 0 are a comparator 7 coupled to a reference power 
source 7a for detection of the fact that the rectified volt- 
age exceeds a predetermined value and a variable 
resistance device 8 composed of such an element as a 
MOSFET transistor connected in parallel to the antenna so 
resonance circuit 4. When the comparator 7 detects the 
rectified voltage exceeding the predetermined value, the 
variable resistance device 8 alters, or changes, the qual- 
ity factor Q of the antenna resonance circuit 4 in accord- 
ance with the amount over (the difference from) the 55 
predetermined value. Also included therein are an output 
transistor 9, an output capacitor 1 1 , a transistor driving 
circuit 12, a driver 14 getting into an actuated state in 
response to a control signal 14a at transmission, and a 



resistor 15 connected with the output side of this driver 
14. 

In addition, the card 1 0 is provided with a high-poten- 
tial side level comparator 1 6a operative to detect that the 
amplitude level in the high-potential side of the antenna 
resonance circuit 4 exceeds a predetermined value (for 
example, Vcc), a low-potential side level comparator 1 6b 
responsible for detecting that the amplitude level in the 
low-potential side of the antenna resonance circuit 4 
becomes below a predetermined value (for example, 
GND), a mid-level comparator 16c taking charge of 
detecting whether the level in the antenna resonance cir- 
cuit 4 is higher or lower than a predetermined value (for 
example, 1/2 of Vcc), and further provided with a control 
section 1 77 and a memory section 18 for the storage of 
data. Incidentally, the memory section 18 may be con- 
structed with an EEPROM or the like not requiring a 
backup because the card 10 is of the batteryless type. 

On the other hand, the R/W unit 20 is provided with 
an antenna resonance circuit 201 for transmission com- 
posed of an antenna coil 201 a and a capacitor 201 b con- 
stituting a serial resonance circuit, a power transmission 
adjusting resistor 202 for adjusting the magnitude of the 
power transmission from the R/W unit 20, a driver 203, 
and a modulating circuit 204 composed of an EX-OR cir- 
cuit and coming into connection with an input side of the 
driver 203. The modulating circuit 204 is responsive to 
data 204a and a carrier 204b. In addition, the R/W unit 
20 is equipped with an antenna resonance circuit 2 1 0 for 
reception made up of an antenna coil 210a and a capac- 
itor 210b organizing a parallel resonance circuit, an 
amplifying circuit 211 for amplifying a signal received, 
and a demodulating circuit 212. 

Embodiment 1 

Since the power supply greatly varies with the dis- 
tance between the R/W unit 20 and the card 10, in the 
card 10 side the change of the quality factor Q is made 
on the basis of the rectified voltage to stabilize the volt- 
age induced in the card 10, thus causing the absorption 
of the variation of the power supply. In the Fig. 1 arrange- 
ment, the comparator 7 and the reference power source 
7a make up the reception level detecting means, and the 
variable resistance device 8 constitutes the quality factor 
adjusting means. 

In operation, in a case where the comparator 7 
detects the fact that the rectified voltage exceeds a pre- 
determined value, the variable resistance device 8 is 
adjusted so that the quality factor Q of the antenna res- 
onance circuit 4 becomes lower as a function of the dif- 
ference from the predetermined value. The reduction of 
the quality factor Q makes the received voltage adjusta- 
ble, whereupon the voltage induced in the card 10 is 
made stable against the variation of the distance 
between the R/W unit 20 and the card 10. 
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Embodiment 2 

In addition, a description will be taken of a second 
embodiment of this invention in conjunction with Fig. 1 . 
One aspect of the second embodiment is as follows. That 5 
is, the data transmission from the card 1 0 to the R/W unit 
20 is carried out in a state where the transmission from 
the R/W unit 20, requiring a large transmission power, 
stops, whereas in this case the power supply stops and, 
hence, effective use of the energy stored in the card 10 10 
is necessary. To this end, in this embodiment the energy 
stored in the energy storage capacitors 6a, 6b is made 
to be gradually supplied to the antenna resonance circuit 
4 of the card 10 by means of direct utilization of the free 
oscillation taking place in the antenna resonance circuit is 
4, with the result that the attenuation time of the free 
oscillation goes long. 

In this embodiment, the mid-level comparator 16c 
makes up the phase detecting means, and the driver 1 4 
and the resistor 1 5 composes the energy supply means. 20 
The driver 14 is composed of a circuit in which a Pch 
transistor and an Nch transistor are coupled in series 
between the power source and the reference potential, 
i.e., between both terminals of the energy storage circuit 
6, and is for supplying the energy of the energy storage 25 
circuit 6 through the resistor 1 5 to the antenna resonance 
circuit 4. 

In operation, at transmission the driver 14 turns into 
the actuating state in response to the control signal 14a. 
The phase of the antenna resonance circuit 4 is detected 30 
on the basis of the output of the mid-level comparator 1 6, 
and the energy from the energy storage capacitors 6a, 
6b is supplied to the antenna resonance circuit 4 by the 
amount necessary for maintaining the free oscillation of 
the antenna resonance circuit 4 in phase with the free 35 
oscillation therein. At this time, the adjustment of the sup- 
ply amount relies upon the resistance of the resistor 15, 
whereby it is possible to lengthen the transmission time 
from the card 10. 

40 

Embodiment 3 

Furthermore, a third embodiment of this invention 
will be described hereinbelow referring to the Fig. 1 cir- 
cuit arrangement. Less energy consumption is also nec- 45 
essary in the modulation for the data transmission from 
the card 10 to the R/W unit 20. Accordingly, in this 
embodiment, a constant of the antenna resonance circuit 
4 is changed in accordance with the variation of data 
being transmitted, thereby realizing a phase modulation so 
mode. 

In this embodiment, the mid-level comparator 16c 
organizes the phase detecting means, and the output 
transistor 9, the output capacitor 1 1 and the transistor 
driving circuit 12 compose the resonance frequency ss 
switching means. The transistor driving circuit 12 is of 
the type that supplying a signal to the output transistor 9 
when pulsed output data of the control section 1 7 varies. 



The operation of this embodiment is as follows. In 
the case of the phase modulation, the transistor driving 
circuit 12 generates a 180° pulse arising for the 180° 
phase period when the output data varies. The 180° 
phase period is obtainable on the basis of the output of 
the mid-level comparator 16c. Subsequently, the output 
transistor 9 turns on and off in accordance with this 1 80° 
pulse, with the result that the connection and disconnec- 
tion of the output capacitor 1 1 to and from the antenna 
resonance circuit 4 take place so that the resonance fre- 
quency of the antenna resonance circuit 4 varies in 
accordance with the variation of the data. The connec- 
tion of the output capacitor 1 1 to the antenna resonance 
circuit 4 results in the variation of the circuit constant of 
the antenna resonance circuit 4. 

Fig. 2 is a waveform chart useful for describing the 
operation, where (a) represents data, (b) designates a 
carrier, (c) denotes a phase-modulated waveform, (d) 
depicts a signal (180° pulse) supplied to the base of the 
transistor 9 in phase modulation, (e) indicates a fre- 
quency-modulated wave form, and (f) signifies a signal 
fed to the base of the transistor 9 in frequency modula- 
tion. As obvious from (a) to (d) of Fig. 2, when the varir 
ation of the output data occurs (from an H level to a L 
level or vice versa), the frequency varies for the period 
of 180°. At this time, assuming that the varied frequency 
is 1/2 of the original frequency, a two-phase modulation 
can be realized. That is, as indicated in (c) of Fig. 2, the 
phase-modulated signal develops the variation in fre- 
quency to 1/2 for the 180° period, i.e., for the period 
between characters A and B, by which frequency varia- 
tion the inversion of the phase takes place for the period 
between characters C and D. On the other hand, if taking 
the phase into account on the basis of the output of the 
mid-level comparator 1 6c the output transistor 9 turns on 
and off directly in accordance with the variation of the 
output data from the control section 1 7, then as shown 
in (e) and (f) of Fig. 2 the frequency modulation can be 
realized wherein the frequency is lowered to 1/2. 

These modulation systems require less energy for 
the modulation in the card 10, for that no modulation is 
made by driving the antenna resonance circuit. 

Although in the Fig. 1 arrangement the section 
including the rectifying circuit 5 and the energy storage 
circuit 6 is constructed as a full -wave voltage doubler rec- 
tifier, as shown in Fig. 3 this can also be constructed as 
a half-wave doubler rectifier comprising a rectifying cir- 
cuit 5 made up of rectifying devices 5a, 5b and an energy 
storage circuit 6 made up of one capacitor. In addition, 
other rectifying ways such as a half-wave rectification 
and a bridge rectification is also practicable. 

Fig. 4 is an illustration of another arrangement of a 
non-contact type IC card system according to this inven- 
tion. In the illustration, this card system, generally des- 
ignated at reference numeral 110, similarly comprises a 
card 10b and a R/W unit 20b. In the Fig. 4 system, parts 
corresponding to those in Fig. 1 are marked with the 
same reference numerals, and the description thereof 
will be omitted for brevity. Further, in Fig. 4 the portions 
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related to only the foregoing first to third embodiments 
are omitted. One feature of the R/W unit 20a is to have 
an antenna resonance circuit 201 A for both transmission 
and reception. 

5 

Embodiment 4 

Referring to Fig. 4, a description will be made here- 
inbelow with reference to Fig. 4 in terms of a fourth 
embodiment of this invention. In a case where the card w 
10b develops a large current consumption, the effective 
power transmission from the R/W unit 20a to the card 
10b needs a low impedance of the antenna resonance 
circuit 4A. Accordingly, in this fourth embodiment the 
antenna resonance circuit 4A of the card 10b is con- is 
structed as a series resonance circuit in which an 
antenna coil 4a and a capacitor 4b are coupled in series 
to each other so that the power is taken in through the 
antenna resonance circuit 4A composed of the series 
resonance circuit with a low resonance impedance. This 20 
arrangement allows the effective power reception in the 
card 10b. 



Embodiment 5 



25 



Moreover, a fifth embodiment of this invention will be 
described in conjunction with Fig. 4. That is, in simulta- 
neously transmitting data while supplying the power from 
the R/W unit 20a to the card 10b, the continuous power 
supply will be impossible in the amplitude modulation. 30 
Whereupon, the phase modulation or frequency modu- 
lation results in being necessary. Thus, according to this 
fifth embodiment, in order for the power supply and data 
transmission from the R/W unit 20a to the card 10b to be 
compatible with each other, the data is subjected to the 35 
phase modulation and in the card 10b side the phase 
variation of the signal received with the antenna reso- 
nance circuit 4A is detected as a voltage variation, i.e., 
amplitude variation, with a data demodulation. 

In this embodiment, the high-potential side level 40 
comparator 16a and the low-potential side level compa- 
rator 16b make up the phase variation detecting means, 
and the mid-level comparator 1 6c, control section 1 7 and 
so on organize the demodulating means. 

Fig. 5 is a waveform chart available for describing 45 
the operations in demodulating the received signal in the 
card 10b on the condition that the data undergoes the 
phase modulation. In Fig. 5, (a) represents a waveform 
in the antenna resonance circuit 4A, (b) designates an 
output waveform of the high-potential side level compa- so 
rator 16a, (c) indicates an output waveform of the low- 
potential side level comparator 16b, and (d) signifies an 
output waveform of the mid-level comparator 1 6c. 

The demodulation of the received signal in the card 
10b is accomplished by detecting the variation of the ss 
amplitude of a received signal at the time that the phase 
of the received signal varies. On the basis of the outputs 
of the comparators 16a, 16b, a decision is made such 
that the phase variation comes about when the received 



signal (amplitude) does not exceed the rectified voltage, 
with the data demodulation being made in accordance 
with this decision. Detecting the phase variation from the 
amplitude variation can reduce the operational current in 
thecard 10b side. Thus, in addition to both thedata trans- 
mission and power supply being consistent with each 
other, the operational energy is reducible at demodula- 
tion in the card 10b side. Although the above description 
has been made in terms of the card 10b, the card 10 in 
Fig. 1 or the like is also practicable. 

Embodiment 6 

Still further, a description will be made hereinbelow 
of a sixth embodiment of this invention. Even in the mod- 
ulation for the data transmission from the card 1 0b to the 
R/W unit 20a, less energy consumption is also neces- 
sary. Accordingly, in this embodiment the data transmis- 
sion from the card 10b to the R/W unit 20a is achieved 
in such a way that both terminals of the antenna reso- 
nance circuit 4A constructed as a series resonance cir- 
cuit in the card 10b, i.e., both ends of the load, are short- 
circuited in accordance with the data to be transmitted. 
The output transistor 9 turns on and off in conjunction 
with the output data from the control section 1 7. 

On the other hand, the data reception in the R/W unit 
20a is accomplished in such a manner that the load var- 
iation in the card 10b side is detected through an ampli- 
fying circuit 2 1 1 and a demodulating circuit 2 1 2 from both 
terminals of a power transmission adjusting resistor 202 
operative to adjust the degree of power transmission 
from the R/W unit 20a. Similarly, since this modulation 
system does not depend upon the driving of the antenna 
resonance circuit 4A, the modulation can be accom- 
plished with less energy in the card 10b. 

In this embodiment, the output transistor 9 in the 
card 10b side constitutes the switching means, and the 
power transmission adjusting resistor 202, the amplify- 
ing circuit 21 1 and the demodulating circuit 212 in the 
R/W unit 20a side compose the demodulating means. 

Although in the Fig. 4 arrangement the section 
including the rectifying circuit 5 and the energy storage 
circuit 6 is constructed as a full-wave voltage doubler rec- 
tifier, as shown in Fig. 6 this can also be constructed as 
a half-wave doubler rectifier comprising a rectifying cir- 
cuit 5 made up of rectifying devices 5a, 5b and an energy 
storage circuit 6 made up of one capacitor. In addition, 
other rectifying ways such as a half-wave rectification 
and a bridge rectification is also practicable. 

Embodiment 7 

A description will be taken hereinbelow of a seventh 
embodiment of this invention, in the non-contact type IC 
card system based on the phase modulation as in the 
foregoing embodiments, as the drive resistance of the 
transmission antenna resonance circuit (see 201 in Fig. 
1 ) of the R/W unit made as a series resonance circuit is 
set to be lower and the quality factor Q thereof is set to 
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be higher, the voltage across the antenna resonance cir- 
cuit goes larger, which can transmit the power to a dis- 
tance. On the contrary, this system suffers from a 
disadvantage with regard to the data transmission speed 
from the R/W unit to the card. That is, while the signal is 5 
modulated in the R/W unit side, as the Q is higher, the 
time required for the modulation becomes longer, with 
the result that the data transmission speed becomes 
lower. In other words, the transmission speed becomes 
lower with an increase in communication distance. 10 

Fig. 7 shows a waveform of a transmitted signal in a 
case where the transmission antenna resonance circuit 
of the R/W unit has a high Q. This transmitted signal 
shows a turning point of data at a position A, while the 
high Q delays the variation of the voltage in the antenna 15 
resonance circuit for the transmission and reception. 
Accordingly, this seventh embodiment is designed such 
that, even if the transmission and reception antenna res- 
onance circuit in the R/W unit side retains a high Q, the 
data modulation is possible at a high speed so as to per- 20 
mit a high-speed data transmission. 

Fig. 8 illustrates an arrangement of a R/W unit 20b 
in this embodiment and an eighth embodiment of this 
invention which will be described later. This R/W unit 20b 
is connected in parallel to a transmission antenna reso- 25 
nance circuit 201, and further coupled to a short- 
circuiting transistor 220 for short-circuiting both termi- 
nals of the resonance circuit 201 and to a diode 221 for 
avoiding the reverse flow of a current. Incidentally, a 
resistor 222 is for the eight embodiment which will be 30 
described later and does not need to be used in this 
embodiment. The short-circuiting transistor 220 and the 
diode 221 compose the compulsory phase inverting 
means. 

The operation of the R/W unit 20b at transmission 35 
will be described hereinbetow with reference to Fig. 8 
and Fig. 9 showing waveforms in the Fig. 8 circuit 
arrangement. In Figs. 8 and 9, a carrier B is phase-mod- 
ulated with the original data A to make a data C. A data 
D outputted from a driver 203 comes into an inverted 40 
state. A signal E, responsible for short-circuit between 
both terminals of the resonance circuit 201 in the range 
of ± 90° with respect to the variation of the data D, is 
applied to the short-circuiting transistor 220. At this time, 
the voltage of the resonance circuit 201 alters as indi- 45 
cated by F. More specifically, as shown by F of Fig. 9, 
both the terminals of the resonance circuit 201 is short- 
circuited during 180° after the voltage of the resonance 
circuit 201 reaches zero. The short-circuiting transistor 
220 serves as the element for the short-circuiting, while so 
the diode 221 is of the reverse-flow preventing type that 
inhibits the flow of current into the short-circuiting tran- 
sistor 220 when F in Fig. 9 shifts to the negative side. 
Thus, the R/W unit 20b produces the phase modulation 
without the delay of rising of the voltage as shown in Fig. 55 
10 , and even if the Q of the R/W unit side transmission 
and reception antenna resonance circuit is high, the data 
transmission from the R/W unit to the card is possible at 
a high speed. 
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Embodiment 8 

Moreover, a description will be made hereinbelow of 
an eighth embodiment of this invention. Although in the 
foregoing first embodiment the approach of the card to 
the R/W unit results in lowering the Q in order to prevent 
excessive increase in voltage, if the Q lowers on and on, 
then the delay from the waveform in the R/W unit antenna 
resonance circuit becomes small, with the result that the 
waveform in the card antenna resonance circuit 
approaches the wave form in the R/W unit antenna res- 
onance circuit. If in this state the phase is compulsorily 
inverted as indicated by A of Fig. 1 1 A as in the seventh 
embodiment, the card side develops a received signal 
as shown in Fig. 1 1 B where the decrease in amplitude 
momentarily takes place so that difficulty is encountered 
in the detection of the turning point, thus making the 
demodulation impossible. For this reason, the eight 
embodiment of this invention provides an arrangement 
to allow the data reception irrespective of the approach 
of the card to the R/W unit. One feature of this embodi- 
ment is that a resistor 222, acting as compulsory phase 
inversion speed adjusting means ,is placed in series to 
the short-circuiting transistor 220 in the R/W unit 20b of 
Fig. 8. 

Secondly, the operation of this embodiment is as fol- 
lows. When the R/W unit 20b carries out the data mod- 
ulation at a high speed, the amplitude of its waveform is 
made to be lowered up to a level which will make its mod- 
ulation possible in the card (see 10 in Fig. 1) side. For 
this purpose, the resistor 222 is added in series to the 
short-circuiting transistor 220 to create a loss , to 
decrease the amplitude in the transmission antenna res- 
onance circuit 201 . As a result, the waveform of the sig- 
nal being transmitted from the R/W unit 20b slowly varies 
as shown in Fig. 12 A, whereas the detection of the turn- 
ing point can accurately be made in the card side as 
shown in Fig. 12B. Accordingly, adequate control of the 
loss (compulsory phase inversion) at modulation in the 
R/W unit side permits both the high-speed data trans- 
mission and short-distance communication to be com- 
parable in transmission to the card side. 

Embodiment 9 

Still further, a description will be made hereinbelow 
in terms of a ninth embodiment of this invention. 
Although the foregoing seventh embodiment relates to 
the increase in data transmission speed from the R/W 
unit side to the card side and more particularly to the 
modulation in the R/W unit side, this ninth embodiment 
is similarly concerned with the data transmission speed 
and particularly with demodulation at the time of the card 
side receiving data from the R/W unit side. 

It is desirable in power reception that the card side 
antenna resonance circuit (see 4 in Fig. 1) has a high Q, 
while the high Q creates a problem that a relatively long 
time is taken for the variation of the amplitude appearing 
in the resonance circuit due to the received data as 
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shown in Fig. 13, which results in difficulty to increase 
the data transmission speed. Although in the foregoing 
respective embodiments the data detection is made on 
the basis of the detection of the decrease in voltage in 
the antenna resonance circuit in the card side, the 5 
increase in Q of the antenna resonance circuit causes 
slow restoration of the voltage in the antenna resonance 
circuit after the data detection. This slow restoration 
makes the data transmission slow down. Accordingly, in 
this embodiment, in the card the phase of the voltage w 
induced in the antenna resonance circuit is made to be 
coincident with the phase of the oscillation of the reso- 
nance circuit after the data detection in order to facilitate 
the restoration of the amplitude in the resonance circuit. 

In this embodiment, the card circuit arrangement is is 
basically the same as that of the card 10 of Fig. 1 , while 
the frequency is reduced to 1/2 at phase modulation as 
shown in (c) of Fig. 2 as well as in the foregoing third 
embodiment. For this reason, the control section is des- 
ignated at reference numeral 1 7a. The output transistor 20 
9, the output capacitor 11, the transistor driving circuit 
1 2 and a portion of the control section 1 7a compose the 
phase adjusting means. Of these, the output transistor 
9, the output capacitor 1 1 and the transistor driving circuit 
1 2 are also used for the resonance frequency switching 25 
means in the foregoing third embodiment. 

In operation, after the detection of data variation as 
shown in Fig. 1 4, the output transistor 9 is turned on dur- 
ing half a period (180°) so that the output capacitor 11 
gets into connection with the antenna resonance circuit 30 
4, which changes the resonance frequency of the reso- 
nance circuit 4 to 1/2 for phase coincidence. This allows 
the modulation circuit to be shared at the time of the data 
transmission from the card to the FE/W unit and, therefore, 
produces a great merit. As a result, in the card side the 35 
time from the detection of the variation to the restoration 
can be shortened at data transmission from the R/W unit 
to the card so that the data transmission speed can 
increases. In addition, in this case the resonance fre- 
quency switching means used in the modulation for the 40 
data transmission from the card to the R/W unit in the 
foregoing third embodiment can be shared, with a great 
advantage. 

Embodiment 10 45 

Moreover, a description will be made hereinbelow of 
a tenth embodiment of this invention. This tenth embod- 
iment relates to an arrangement which can make sure 
that the card receives data in a case where the card is so 
close to the R/W unit. In the foregoing ninth embodiment 
the Q of the antenna resonance circuit in the card 
becomes low when the card is close to the R/W unit, with 
the result that the delay due to the antenna resonance 
circuit becomes extremely little. In addition, since the 55 
modulation speed of the transmission antenna reso- 
nance circuit in the R/W unit is high, even if a phase var- 
iation as shown in Fig. 15 is detected at a position 
indicated by character A and the phase is intended to be 



changed as described in the ninth embodiment, the 
phase previously varies, with result that as indicated by 
character B the decrease in amplitude again takes place. 
For this reason, in this embodiment, for avoiding mal- 
function, the detection of the turning point is inhibited for 
a given period of time after the turning point is once 
detected by the circuit arrangement taken in the ninth 
embodiment. 

Fig. 16 schematically shows an arrangement of a 
principal part of a card 10d in this embodiment. The basic 
arrangement is the same as that in Fig. 1 . In Fig. 16, a 
detecting section 40 is for detection of the turning point, 
and a delay circuit 41 is for making delay to inhibit the 
detection of the turning point for a predetermined period 
of time after the detecting section 40 detects the turning 
point. The detecting section 40 and the delay circuit 41 
make up the phase variation detection inhibiting means. 
The outputs of these parts are led through an AND gate 
42 to a control section (17, 17a). This arrangement 
allows the demodulation of unnecessary data to be 
avoidable even if the amplitude again decreases after the 
detection of phase variation and permits stable data 
reception regardless of short distance. 

Incidentally, Figs. 7, 10 to 15 are based upon com- 
puter simulation analysis. 

Embodiment 1 1 

Furthermore, a description will be taken hereinbe- 
low of an eleventh embodiment of this invention in rela- 
tion to Fig. 1 7 showing a portion of an arrangement of a 
card. In this arrangement, a bridge rectifying circuit 5A 
is employed as the rectifying circuit, with the result that 
the amplitude in the antenna resonance circuit 4 can be 
taken up to the voltage of the power source, i.e., up to 
two times that in the Fig. 1 half-wave voltage doubler rec- 
tifying circuit. Since the signal inputted is doubled for use 
in the half-wave voltage doubler rectifying circuit, if the 
card circuits operate on 3V, then the signal to be treated 
between the R/W unit and the card assumes 1 .5V. On 
the other hand, since the use of the bridge rectifying cir- 
cuit 5A can accept the operating voltage of the card cir- 
cuits, i.e., a 3V signal, more accurate signal transmission 
and reception become possible. 

In Fig. 1 7, parts corresponding to those in the above- 
described embodiments are marked with the same ref- 
erence numerals. In the same illustration, the card com- 
prises a full-wave bridge rectifying circuit 5A make up of 
rectifying devices 5a to 5d, an inverter 30, a switching 
circuit 3 1 composed of N-channel transistors 3 1 a to 3 1 d, 
a Zener diode 33 for obtaining a constant source voltage, 
an energy storage circuit for smoothing the rectified volt- 
age to store energy, and a resistor R1. Fig. 18A shows 
a voltage A between both terminals of the Fig. 17 
antenna resonance circuit 4, and Fig. 18B shows an out- 
put F before the bridge rectifying circuit 5A (not shown 
to be in synchronism with the voltage A). 

Trie antenna resonance circuit 4 develops' sine- 
wave oscillation in extraction of a signal, and current 
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flows into the bridge rectifying circuit 5A while it exceeds 
Vcc, A this time, the voltage at a lower -voltage terminal 
of the antenna resonance circuit 4 assumes a value 
slightly lower than GND, while the voltage at a higher- 
voltage terminal thereof assumes a value higher than 
Vcc. On the other hand, while the voltage in the antenna 
resonance circuit 4 is lower than Vcc, the current does 
not flow into the bridge rectifying circuit 5A so that the 
voltage in the antenna resonance circuit 4 takes a float- 
ing state between Vcc and GND, and becomes unstable 
at extraction of the signal. Accordingly, the lower-voltage 
terminal of the antenna resonance circuit 4 is made to 
take the GND potential, while the voltage at the higher- 
voltage terminal thereof is extracted as a signal. This 
operation relies upon the switching circuit (grounding 
means) 31 operable in accordance with a switching sig- 
nal C shown in Fig. 1 7. This can enhance the amplitude 
of the antenna resonance circuit 4 to allow the use of a 
larger signal, thus resulting in precise process. In addi- 
tion, the extracted signal takes a rectified state, which 
makes no problem associated with whether the ampli- 
tude is positive or negative. This can facilitate the proc- 
ess. 

Embodiment 12 

Moreover, a description will be made of a twelfth 
embodiment with reference to Fig. 19. Fig. 19 is an illus- 
tration of one example of a signal generating circuit effec- 
tive to generate a switching signal to the switching circuit 
31 by which the lower- voltage terminal of the antenna 
resonance circuit 4 is grounded. In the illustration, the 
signal generating circuit is composed of a comparator 34 
and a D-type flip-flop 35. In addition, Fig. 20 shows wave- 
forms in the Figs. 17 and 20 circuits. The comparator 34 
detects the fact that an input, or incoming, signal B 
becomes lower than a ground level indicated by a dotted 
line, then inverting a signal by which the lower-voltage 
terminal of the antenna resonance circuit 4 is grounded. 
This arrangement can ground the lower -voltage terminal 
of the antenna resonance circuit 4 and extract a signal 
from the higher-voltage terminal thereof. 

Embodiment 13 

Furthermore, a description will be made hereinbe- 
low of a thirteenth embodiment of this invention. This 
embodiment is for the purpose of realizing detection 
strongly resistive to the fluctuation of a received voltage 
of the card due to the variation of distance between the 
R/W unit and the card in the case of the data transmis- 
sion on the phase modulation. Contrary to the above- 
described embodiments in which the phase variation is 
determined on the basis of the amplitude, in this embod- 
iment a reference phase signal is obtained through a 
phase-locked loop circuit so as to be compared in phase 
with the received signal, the phase variation being 
detected as a function of the difference in phase there- 



between. Thus, the card is unaffected by the amplitude 
variation. 

Fig. 21 illustrates an arrangement of detection sec- 
tion (detecting means) provided in a control section (for 

5 example, the left-hand side of the Fig. 17 circuit) of the 
card according to this embodiment, and Fig. 22 shows 
waveforms therein. In Fig. 21, included in the detection 
section are a PLL (phase-locked loop circuit), an EX-OR 
circuit 37 and D-type flip-flops 38a, 38b. Signals C and 

w D in Fig. 22 are obtainable, for example, from the Fig. 1 9 
circuit. The detection section contains the PLL 36 and 
receives, as an input signal to the PLL 36, the signal D 
indicative of the fact that the input signal B goes below 
the ground level and then produces an output signal D' 

15 tuned to the input signal D. This output signal D' is divided 
to 1/2 in the D-type flip-flop 38b to create a reference 
phase signal D". The EX-OR 37 makes EX-OR of the 
reference phase signal D" and the switching signal C in 
the twelfth embodiment, the EX-OR result being sam- 

20 pled by the output signal D' of the PLL 36 at every half a 
period in the D-type flip-flop 38a (shaping a signal E), 
thereby producing a detection output E\ Incidentally, the 
switching signal C corresponds in phase to the received 
signal. The EX-OR operation of the switching signal C 

25 and the reference phase signal D" and the sampling 
thereof at an interval of half a period can ensure an high- 
quality detection output 

Embodiment 14 

30 

Still further, a description will be made hereinbelow 
in terms of a fourteenth embodiment of this invention. 
This embodiment is for the purpose of accomplishing 
high-speed communication on the condition that the R/W 
35 unit and the card are separated from each other to some 
extent. More specifically, in order that the R/W unit can 
receive data from the card while continuously supplying 
power to the card side, the frequency of the power sup- 
plied from the R/W unit to the card is set to be different 
40 from the frequency (carrier) for the transmission from the 
card to the R/W unit. Fig. 23 illustrates waveforms devel- 
oped in this case. In the twelfth embodiment the switch- 
ing signal C is inverted, for example, as shown in Fig. 20 
such that the lower-voltage terminal of the antenna res- 
45 onance circuit 4 is coupled to GND while the higher-volt- 
age terminal thereof is extracted as a signal whenever 
the amplitude of the voltage wave form A between both 
the terminals of the antenna resonance circuit 4 passes 
through the zero cross points (polarity inverting points). 
so On the other hand, in this fourteenth embodiment the 
switching signal C is designed to be inverted at every 
other zero cross point but not at every zero cross point 
as indicated by C of Fig. 23. Accordingly, while the 
switching signal C is in the non-inverted condition, before 
55 the zero cross the lower-voltage terminal is coupled to 
GND while the higher-voltage terminal contributes the 
extraction of a signal, and after the zero cross the higher- 
voltage terminal is grounded while the lower-voltage ter- 
minal gives a signal. In addition, the higher-voltage ter- 
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minal is grounded whereas the lower-voltage terminal 
produces a signal, and after the zero cross the lower- 
voltage terminal is grounded whereas the higher-voltage 
terminal creates a signal. The signals from the high-volt- 
age terminal of the antenna resonance circuit 4 are used 5 
to charge Vcc through the bridge rectifying circuit 5A, 
while the signals from the lower-voltage terminal thereof 
are clamped at GND-a (slightly lower than GND) through 
the bridge rectifying circuit 5A. That is, the clamping 
effected through the Zener diode 33 is repeated two 10 
times at Vcc and two times at GND, thus producing a 
waveform indicated by F in Fig. 23. As obvious from Fig. 
24, this waveform is the same as the composite wave M 
of a reference frequency R and a frequency R/2 being 
1/2 of the reference frequency R. Thus, it will be under- 15 
stood that the voltage A between both the terminals of 
the antenna resonance circuit 4 includes the carrier for 
data transmission the frequency of which is 1/2 of the 
frequency of the power reception wave. Incidentally, the 
resistor R1 in Fig. 1 7 is for the purpose of adjusting the 20 
strength of the transmission carrier from the card. 

A flip-flop is provided which is inverted when the 
switching signal does not come into inversion, and 
assuming the EX-OR with that signal, the same input sig- 
nal as that at reception is obtainable. Therefore, because 25 
of the same input signal being obtainable with a simple 
arrangement, the arrangement of the control circuit goes 
easy and further, since the carrier is generated by 
grounding, there results in less consumption of the 
energy rectified and stored. It is also possible to employ 30 
other ways, such as to use a PLL so that the grounding 
transistor (see 31c, 31d in Fig. 17) simultaneously turns 
on. In addition, as will be described later, the carrier for 
data transmission is not limited to the frequency being 
1 /2 of that of the power reception wave, whereas the fre- 35 
quency of the carrier can also be set to 1/4, 1/8 or more 
of that of the power reception wave obtainable by the 
dividing of the power reception wave. Even in this case, 
the same effect shows. 

40 

Embodiment 1 5 

Moreover, a description will be taken hereinbelow of 
a fifteenth embodiment of this invention. This embodi- 
ment is particularly for realizing the modulation of the 45 
carrier produced in the foregoing fourteenth embodi- 
ment. In the fourteenth embodiment the length of the 
switching signal C is doubled at the time of the modula- 
tion as shown in Fig. 25 so as to carry out the modulation 
in a binary phase shift keying mode. In other words, so 
although in the fourteenth embodiment the inversion of 
the switching signal is performed at every other zero 
cross point, in this embodiment the inversion thereof is 
made at every four zero cross points at the time of the 
modulation as indicated by D in Fig. 25. Fig. 26A shows 55 
an actual form of the signal A and Fig. 26B illustrates an 
actual form of the signal F where D denotes a portion 
modulated. 



With this arrangement, the transmission carrier hav- 
ing a frequency which is 1/2 of that of power frequency 
takes place simultaneously with the reception of the 
power, and the resultant transmission carrier is phase- 
modulated, whereby the data is transmittable, for exam- 
ple, to the R/W unit side. Similarly, the carrier for data 
transmission is not limited to 1/2 of the frequency of the 
power reception wave, whereas the frequency of the car- 
rier can also be set to 1 /4, 1 1B or more of that of the power 
reception wave obtainable by the dividing of the power 
reception wave. Even in this case, the same effect 
shows. 

Embodiment 16 

Furthermore, a description will be made hereinbe- 
low of a sixteenth embodiment of this invention. This 
embodiment particularly presents more improvement of 
the data transmission speed than obtained in the fore- 
going fifteenth embodiment by increasing the informa- 
tion amount in one signal. In the foregoing fifteenth 
embodiment the switching signal C is switched at every 
four zero cross points of the voltage waveform A between 
both the terminals of the antenna resonance circuit 4 as 
shown in Fig. 25, thereby attaining the binary phase shift 
keying mode. On the other hand, in this embodiment, in 
addition to this the switching is performed at every three 
zero cross points of the voltage waveform A between 
both the terminals of the antenna resonance circuit as 
shown in Fig. 27A and further performed continuously 
without separation as shown in Fig. 27B, there results in 
realization of a quad phase shift keying mode (phase 
modulation on four kinds of phases: 0° , 90° , 180° 
270°). The Quad phase shift keying mode permits the 
supply of doubled information as compared with the 
binary phase shift keying mode, thus virtually doubling 
the data transmission speed. Accordingly, this makes 
double the data transmission speed (doubled transmis- 
sion information amount) on the same modulation 
speed. Incidentally, in the embodiments 14 and 15, fur- 
ther development is possible. 

Figs. 28 to 32 show circuit arrangements of the card 
in the fourteenth through sixteenth embodiments 
whereby the power transmission frequency from the R/W 
unit to the card is designed to be different from the data 
transmission frequency (carrier frequency) so that the 
data transmission is implemented on the phase modula- 
tion in the binary phase shift keying mode or quad phase 
shift keying mode. Of these drawings, Figs. 28 and 29 
illustrate card circuit arrangements where the data trans- 
mission is performed in the binary phase shift keying 
mode (phase modulation based on two kinds of phases: 
0° and 180°) using the carrier whose frequency is 1/2 of 
the power transmission frequency. In addition, Fig. 30 
shows a card circuit arrangement by which the data 
transmission is carried out in the quad phase shift keying 
mode (phase modulation based on four kinds of phases: 
0° , 90° , 180° , 270°) using the carrier whose frequency 
is 1/2 of the power transmission frequency. Moreover, 
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Fig. 31 is an illustration of a card circuit arrangement for 
the data transmission in the binary phase shift keying 
mode using the carrier whose frequency is 1/4 of the 
power transmission frequency. Still further, Fig. 32 is an 
illustration of a card circuit arrangement for the data 
transmission in the quad phase shift keying mode using 
the carrier whose frequency is 1 /4 of the power transmis- 
sion frequency. 

In Figs. 28 to 32, parts corresponding to those in the 
above-described embodiments are marked with the 
same reference numerals. Reference numerals 301 to 
305 designate D-type flip-flops, numerals 310, 31 1 rep- 
resent EX-OR circuits, numerals 320 to 329 denote OR 
gates or NOR gates, numerals 340 to 344 depict AND 
gates or NAND gates, and numerals 360 to 362 indicate 
inverters. 

First of all, a description will be made of the Fig. 28 
circuit. This circuit performs the data transmission in the 
binary phase shift keying mode using the carrier whose 
frequency is 1/2 of the power transmission frequency. A 
PLL 36, EX-OR circuit 37 and D-type flip-flops 38a, 38b 
constitute a demodulating circuit, i.e., reception circuit 
(see Fig. 21). In addition, a comparator 34, the EX-OR 
circuits 310, 31 1, the OR gates 320 to 323, and the D- 
type flip-flops 301 to 303 combine to generate a normal 
switching signal C (see Figs. 19 and 20) at reception, 
while, at transmission, dividing the power transmission 
frequency into 1/2 using the D-type flip-flop 301 to pro- 
duce a 1/2 -frequency carrier (carrier having 1/2 of the 
power transmission frequency) so that the modulation in 
binary phase shift keying mode is accomplished in 
accordance with a signal, i.e., a transmission data from 
the AND gate 340. 

A transmission/reception switching signal to be 
inputted in the OR gate 321 comes into a L level state at 
reception, whereby the D-type flip-flop 301 gets into a 
fixed state but not performing the dividing. On the other 
hand, at transmission it turns into an H level state, with 
the result the D-type flip-flop 301 divides the power fre- 
quency to 1/2 so as to generate a 1/2-frequency carrier. 
Thereafter, this carrier is modulated in the binary phase 
shift keying mode in accordance with the signal being a 
transmission data from the AND gate 340. The AND gate 
340 issues a signal obtained by gating an inversion sig- 
nal on the transmission data in response to a timing sig- 
nal. 

Furthermore, an action associated with the D-type 
flip-flop 302 will be described here with reference to Figs. 
33A and 33B. Fig. 33A shows the output D of the com- 
parator 34, the output U of the D-type flip-flop 302, the 
output D1 of the EX-OR circuit 31 0 and a switching signal 
at the time of reception, while Fig. 33B illustrates the out- 
put D of the comparator 34, the output U of the D-type 
flip-flop 302, the output D1 of the EX-OR circuit 310 and 
a switching signal at the time of transmission. In dividing 
the power frequency for transmission, the D-type flip-flop 
302 creates the signal U which inverts when the switch- 
ing signal does not invert. The EX-OR circuit 310 per- 
forms the function of EX-OR of the signal U and the 



binary output D of the comparator 34, thus obtaining the 
signal D1 which does not vary irrespective of whether 
the signal D varies or not at reception and transmission. 
This signal D1 acts as an input signal to the PLL 36. At 

5 data reception the switching signal is treated as a signal 
representative of the phase of the carrier, while at data 
transmission it is affected by the transmission carrier, 
with the result the circuit may form a misjudgment on the 
presence or absence of the received data. For this rea- 

w son, the signal D due to the EX-OR of the signal U and 
the signal D indicative of the switching signal is outputted 
to the demodulating circuit including the PLL 36, 
whereby the misjudgment on the data reception is avoid- 
able at transmission. 

15 As well as the Fig. 28 circuit, the Fig. 29 circuit car- 
ries out the data transmission in the binary phase shift 
keying mode using the carrier whose frequency is 1/2 of 
the power transmission frequency. This circuit is different 
therefrom in the section comprising the inverter 360, the 

20 NAND gate 341 , the NOR gate 324, the D-type flip-flop 
304 and the OR gate 325, which generates a signal for 
modulation with a view to the timings of the output D1 of 
the EX-OR circuit 310 and output Q of the D-type flip- 
flop 301 . The other operations are basically the same as 

25 those of the Fig. 28 circuit. Therefore, the Fig. 28 circuit 
does not take into consideration the timings for modula- 
tion (no problem as it turns out), whereas the Fig. 29 cir- 
cuit takes into account the timings of the output D 1 of the 
EX-OR circuit 310, the output Q of the D-type flip-flop 

30 301 and so on. 

Moreover, the Fig. 30 circuit is designed to perform 
the data transmission in the quad phase shift keying 
mode using the carrier whose frequency is 1/2 of the 
power frequency. This circuit differs from the Figs. 28 and 

35 29 circuits in the portions comprising the OR gates 325, 
326, the inverters 360, 362, and the AND gates 342 to 
344, the NOR gate 324, 327, and the D-type f lip-flop 304, 
which produces a signal which carries out the modula- 
tion in the quad phase shift keying mode. With this 

40 arrangement, four kinds of phase modulations are prac- 
ticable: 0° phase when there is no signal, 90° phase 
when a ji /2-retarded signal is set to an H level, 180° 
phase when the inverting signal is set to an H level, and 
270° phase when a n /2-advanced signal is set to an H 

45 level. 

Furthermore, the Fig. 31 circuit is designed to per- 
form the data transmission in the binary phase shift key- 
ing mode using the carrier whose frequency is 1/4 of the 
power frequency, where the two D-type flip-flops 301, 

so 305 are provided to generate the carrier whose fre- 
quency is 1/4 of the power frequency. The other portions 
are basically the same as those in Fig. 28. In addition, 
the Fig. 32 circuit accomplishes the data transmission in 
the quad phase shift keying mode using the carrier 

55 whose frequency is 1 /4 of the power frequency, and pos- 
sesses the feature of the Fig. 30 circuit on the data trans- 
mission depending on the quad phase shift keying mode 
together with the feature of the Fig. 31 circuit on the gen- 



13 



BNSOOCID: <EP 0706151A2> 



25 



0 706 151 A2 



26 



eration of the carrier whose frequency is 1 /4 of the power 
frequency- 
Embodiment 1 7 

5 

A description will be made hereinbelow in terms of 
a seventeenth embodiment of this invention. In the third 
embodiment the output capacitor 1 1 is connected with 
the antenna resonance circuit 4 during half a period for 
the phase modulation, and in the seventh embodiment w 
both the terminals of the transmission antenna reso- 
nance circuit 201 in the R/W unit side are short-circuited 
during half a period for the phase modulation. On the 
other hand, in this seventeenth embodiment, a PLL 36 
(see Fig. 21 ) is contained in the card as in the thirteenth 15 
embodiment so that the length of half a period is obtained 
on the basis of the output of the PLL 36. Subsequently, 
both the terminals of the antenna resonance circuit 4 are 
short-circuited, thus resulting in accomplishing the mod- 
ulation. Fig. 34 shows a circuit arrangement of the card 20 
according to this embodiment, and Fig. 35 shows wave- 
forms in the circuit arrangement. Half a period is found 
on the basis of the output of the PLL 36, before the output 
transistor 9 short-circuits the antenna resonance circuit 
4 during the half a period after a zero cross point in mod- 25 
ulation to realize the binary phase shift keying mode. 
Consequently, the modulation is possible with no use of 
the output capacitor 1 1 in the card side. 

Embodiment 18 30 

Furthermore, a description will be made hereinbe- 
low of an eighteenth embodiment of this invention. In the 
ninth embodiment the data turning point is detected on 
the basis of the lowering of the amplitude of the antenna 35 
resonance circuit in the card side and, in response to the 
detection thereof, the output capacitor 1 1 is coupled to 
the resonance circuit 4 during half a period to set the 
resonance frequency to 1/2, thus compulsorily carrying 
out the demodulation. On the other hand, in this eight- 40 
eenth embodiment a PLL 36 (see Fig. 21 ) is incorporated 
into the card as in the thirteenth embodiment so as to 
obtain the length of half a period on the basis of the out- 
put of the PLL 36. before both the terminals of the 
antenna resonance circuit 4 are short-circuited with real- 45 
ized high-speed demodulation. 

Fig. 36A is an illustration of a circuit arrangement of 
the card in this embodiment, Fig. 36B illustrates a com- 
parator 1 6d operative to detect the fact that the amplitude 
level of the resonance circuit 4 lowers, and Fig. 36C so 
shows waveforms in the circuit arrangement. In this 
embodiment the half a period is attained on the basis of 
the output of the PLL 36, and the output transistor 9 
short-circuits the antenna resonance circuit 4 during the 
half a period when the resonance circuit 4 lowers in ss 
amplitude level, thereby accomplishing high-speed 
demodulation. This arrangement does not require the 
output transistor 1 1 for the high-speed demodulation and 
needs only two, i.e.. the comparators for the zero cross 



point and amplitude lowering detection, of the compara- 
tors 16a to 16c for detecting the voltage level in the 
antenna resonance circuit 4. 

Embodiment 19 

Still further, a description will be made hereinbelow 
of a nineteenth embodiment of this invention. This 
embodiment effects the generation of a transmission car- 
rier whose frequency is 1/2 of that of a reception wave, 
using a phase modulating circuit based on the output 
capacitor as described in the third or ninth embodiment. 
Fig. 38 illustrates a circuit arrangement of the card and 
Fig. 39 shows waveforms in the Fig. 38 circuit arrange- 
ment. In this embodiment, the output transistor 9 is on 
and off controlled so that as shown in Figs. 38 and 39 
the connecting term to the output capacitor 1 1 is set to 
one period and the non-connecting term thereto is set to 
two periods, with the result that the circuit produces a 
transmission carrier whose frequency is 1 12 of the power 
frequency. This allows the transmission carrier to be pro- 
ducible simultaneously with the power reception. 

Figs. 40A to 40C are illustrations of waveforms in the 
card side or the R/W unit side in this embodiment, which 
waveforms are obtained from computer simulation anal- 
ysis. Of these drawings, Fig. 40 A shows a waveform (cor- 
responding to A in Fig. 39) in the card side, Fig. 40B 
shows a received waveform in the R/W unit side, and Fig. 
40C shows a signal waveform obtained when the Fig. 
40B signal is filtered. As obvious from Fig. 40C, it is pos- 
sible to provide the frequency being 1/2 of the power fre- 
quency. 

Embodiment 20 

Finally, a description will be made hereinbelow of a 
twentieth embodiment of this invention. A feature of this 
embodiment is to realize modulation using the arrange- 
ment of the nineteenth embodiment. In Fig. 38 circuit, 
the non-connecting term to the output capacitor 1 1 is set 
to one period at modulation as shown in Fig. 41, which 
can realize the modulation in the binary phase shift key- 
ing mode. Fig. 42A to 42C show waveforms in the card 
or R/W unit side in this embodiment, which waveforms 
are based on computer simulation analysis. Fig. 42A 
illustrates a waveform (corresponding to A in Fig. 41) in 
the card side, Fig. 42 shows a received waveform in the 
R/W unit side, and Fig. 42C shows a signal waveform 
obtained by the filtering of the Fig. 42B signal. It is under- 
stood from these drawings that a modulation portion indi- 
cated by A in Fig. 42 Adef ines the occurrence of a portion 
indicated by B in Fig. 42C. 

It should be understood that the foregoing relates to 
only preferred embodiments of the present invention, 
and that it is intended to cover all changes and modifica- 
tions of the embodiments of the invention herein used for 
the purposes of the disclosure, which do not constitute 
departures from the spirit and scope of the invention. 
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A non-contact type IC card system comprising a 
non-contact type IC card using an electromagnetic wave 
as a communication medium and not containing a bat- 
tery therein, and a reading and writing (R/W) unit. To 
eliminate a problem that the level of a received signal 
varies depending upon the communication distance 
between the card and the R/W unit, a comparator 7 
detects the received signal level of an antenna reso- 
nance circuit 4 for data transmission and reception, 
before a variable resistance device 8 alters the quality 
factor Q of the antenna resonance circuit 4, which results 
in adjusting the level of the received signal being inputted 
to a desirable value. 

Claims 

1. A non-contact type IC card, using an electromag- 
netic wave as a communication medium and con- 
taining no battery therein, comprising: 

reception level detecting means connected 
with an antenna resonance circuit for data transmis- 
sion and reception for detecting a received signal 
level; and 

quality factor regulating means also con- 
nected with said antenna resonance circuit for alter- 
ing a quality factor Q of said antenna resonance 
circuit as a function of said level detected with said 
reception level detecting means. 

2. A non-contact type IC card, using an electromag- 
netic wave as a communication medium and con- 
taining no battery therein, comprising: 

phase detecting means for detecting a phase 
of a free oscillation of an antenna resonance circuit 
for data transmission and reception; and 

energy supply means for supplying an energy 
from an energy storage circuit to said antenna res- 
onance circuit in phase with the free oscillation of 
said antenna resonance circuit at the time of the 
transmission. 

3. A non-contact type IC card, using an electromag- 
netic wave as a communication medium and con- 
taining no battery therein, comprising: 

phase detecting means for detecting a phase 
of a free oscillation of an antenna resonance circuit 
for data transmission and reception; and 

resonance frequency switching means for 
connecting and disconnecting a capacitor to and 
from said antenna resonance circuit in accordance 
with one of output data and variation of said output 
data and an output of said phase detecting means 
to alter a resonance frequency of said antenna res- 
onance circuit, 

wherein the data transmission is made on the 
basis of one of a frequency modulation and a phase 
modulation. 



4. A non-contact type IC card according to claim 3, fur- 
ther including phase adjusting means for adjusting 
a phase of a voltage induced due to a received signal 
in said antenna resonance circuit to the phase of the 

5 free oscillation of said resonance circuit. 

5. A non-contact type IC card according to claim 4, fur- 
ther comprising phase variation detection inhibiting 
means for inhibiting a detection of a phase variation 

w for a given period of time after a detection of a phase 
detection to prevent unnecessary data from being 
again demodulated even if an amplitude of a signal 
decreases. 

15 6. A non-contact type IC card according to claim 3, 
wherein said capacitor is connected with said 
antenna resonance circuit during one period and 
disconnected therefrom during two periods, and a 
frequency for the transmission is set to be 1/2 of a 

20 frequency for a power supply, and the transmission 
is performed in a state with reception of a power. 

7. A non-contact type IC card according to claim 6, 
wherein said capacitor is disconnected from said 

25 antenna resonance circuit during one period and a 
phase modulation is made for the transmission. 

8. A non-contact and phase modulation type IC card, 
using an electromagnetic wave as a communication 

30 medium and containing no battery therein, compris- 
ing an antenna resonance circuit for data transmis- 
sion and and reception made up of a series 
resonance circuit. 

35 9. A non-contact type IC card according to claim 8, fur- 
ther comprising phase adjusting means for adjusting 
a phase of a voltage induced due to a received signal 
in said antenna resonance circuit to a phase of an 
oscillation of said resonance circuit. 

40 

10. A non-contact type IC card, using an electromag- 
netic wave as a communication medium and con- 
taining no battery therein, comprising: 

phase variation detecting means for detect- 
45 ing a phase variation of a voltage of an antenna res- 
onance circuit for data transmission and reception 
due to a received signal on the basis of an amplitude 
variation thereof; and 

demodulating means for demodulating data 
so in accordance with the phase variation detected with 
said phase variation detecting means. 

1 1 . A non-contact type IC card according to claim 8, fur- 
ther comprising phase adjusting means for adjusting 

55 a phase of a voltage induced due to a received signal 
in said antenna resonance circuit to a phase of an 
oscillation of said resonance circuit. 
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12. A non-contact type IC card, using an electromag- 
netic wave as a communication medium and con- 
taining no battery therein, comprising: 

switching means for short-circuiting both ter- 
minals of an antenna resonance circuit, made up of 5 
a series resonance circuit for data transmission and 
reception, in accordance with an output data so that 
the transmission is made on the basis of a variation 
of a load of said antenna resonance circuit ascribed 
to said switching means. w 

13. A non-contact type IC card system comprising a 
non-contact type IC card using an electromagnetic 
wave as a communication medium and containing 

no battery therein, and a reading and writing unit, 15 
said non-contact type IC card including switching 
means for short-circuiting both terminals of an 
antenna resonance circuit, made up of a series res- 
onance circuit for data transmission and reception, 
in accordance with an output data so that the trans- 20 
mission is made on the basis of a variation of a load 
of said antenna resonance circuit ascribed to said 
switching means, whereas said reading and writing 
unit including demodulating means for carrying out 
demodulation by detecting a variation of a card side 25 
load on the basis of a variation developed in a power 
transmission adjustment resistor connected with 
said antenna resonance circuit. 

14. A non-contact type IC card system comprising a 30 
non-contact type IC card as defined in any one of 
claims 3 to 10, using an electromagnetic wave as a 
communication medium and containing no battery 
therein, and a reading and writing unit, said reading 
and writing unit including compulsory phase invert- 35 
ing means connected between both terminals of an 
antenna resonance circuit for transmission for short- 
circuiting therebetween in a range of ± 90° relative 

to a variation of data to compulsorily invert a phase 
of a signal being transmitted. 40 

15. A non-contact type IC card system according to 
claim 14, further comprising compulsory phase 
inversion speed adjusting means for suppressing a 
rapid variation of a voltage in said antenna reso- 45 
nance circuit at compulsory phase inversion. 

16. A non-contact type IC card, using an electromag- 
netic wave as a communication medium and con- 
taining no battery therein, comprising: 50 

a bridge rectifying circuit for rectifying a signal 
from an antenna resonance circuit for data transmis- 
sion and reception: and 

switching means for performing a switching 
operation in accordance with a switching signal so 55 
that a lower-voltage one of both terminals of said 
antenna resonance circuit is grounded and a signal 
is extracted from a higher-voltage terminal thereof. 



17. A non-contact type IC card according to claim 16, 
further comprising a PLL for receiving as an input 
signal a signal indicative of a received signal turning 
into a negative state to generate an output tuned to 
said negation-indicating signal, and detecting 
means for carrying out a demodulation by sampling 
said switching signal every half a period on the basis 
of said output of said PLL when receiving a phase 
modulating signal. 

18. A non-contact type IC card according to claim 16, 
wherein said switching means is equipped with sig- 
nal generating circuit which generates a switching 
signal whose output is inverted when the higher-volt- 
age signal of said antenna resonance circuit turns 
into a negative level. 

19. A non-contact type IC card according to claim 18, 
further comprising a PLL for receiving as an input 
signal a signal indicative of a received signal turning 
into a negative state to generate an output tuned to 
said negation-indicating signal, and detecting 
means for carrying out a demodulation by sampling 
said switching signal every half a period on the basis 
of said output of said PLL when receiving a phase 
modulating signal. 

20. A non-contact type IC card according to claim 16, 
wherein an inversion of said switching signal is 
implemented every given number of zero cross 
points of a waveform of said antenna resonance cir- 
cuit so as to produce a transmission frequency dif- 
ferent from a power frequency so that the 
transmission is performed in a state with a reception 
of a power. 

21. A non-contact type IC card according to claim 20, 
wherein the inversion of said switching signal is exe- 
cuted every other zero cross point of said waveform 
in said antenna resonance circuit, while at the time 
of a modulation the inversion of said switching signal 
is performed every four zero cross points of said 
waveform in said antenna resonance circuit. 

22. A non-contact type IC card according to claim 20, 
wherein the inversion of said switching signal is per- 
formed every zero cross point through every four 
zero cross points of said waveform in said antenna 
resonance circuit at the time of the modulation so as 
to permit phase modulations on the basis of four 
kinds of phases. 

23. A non-contact type IC card comprising a PLL oper- 
ative to receive a signal representative of a received 
signal turning into a negative state and then to pro- 
duce an output tuned to the inputted signal, wherein, 
for a phase modulation, half a period is obtained 
from said output of said PLL and both terminals of 
an antenna resonance circuit are short-circuited 
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during the half a period from a zero cross point at a 
modulation. 

24. A non-contact type IC card comprising a PLL oper- 
ative to receive a signal representative of a received 5 
signal turning into a negative state and then to pro- 
duce an output tuned to the inputted signal, wherein, 
for a demodulation, half a period is obtained from 
said output of said PLL and both terminals of an 
antenna resonance circuit are short-circuited during w 
the half a period from a zero cross point at a modu- 
lation. 
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